To determine what the trends in stroke mortality have been over 2 decades in young adults.
Compared with older adults, ischemic stroke is relatively uncommon in young adults, comprising 5%-10% of all stroke. 1 However, because lifetime impacts are longer for strokes in younger adults, costs are substantial, both to the individual and to society. In contrast with the overall age-adjusted rate of stroke hospitalizations, which has been decreasing over the last 2 decades, some early studies suggest that stroke hospitalizations in young adults are rising over this same time period. [2] [3] [4] [5] Trends in stroke mortality rates among young adults have not been well-studied. Given the reports of rising rate of strokes in this age group, we sought to better understand the trends in mortality from stroke in young adults. We also sought to determine whether race and sex differences previously described in the elderly were also present in young adults. Using death certificate data from the National Center for Health Statistics (NCHS), we examined the demographics and time trends of mortality from ischemic stroke, subarachnoid hemorrhage (SAH), and intracerebral hemorrhage (ICH) in young adults (aged 20-45 years) in the United States for 1989-2009. METHODS We searched mortality databases of the NCHS to determine rates of death from stroke in young adults for 1989 through 2009. These databases contain information on primary cause of death as listed on death certificates in the United States. Cause of death in the database is coded by ICD-9 code for the years up to 1998 and by ICD-10 code from 1999 through 2009. For the earlier years, deaths due to stroke were identified using the following ICD-9 codes 6-9 : for SAH, 430; for ICH, 431; and for ischemic stroke, 325, 433.x, 434.x, 436, 437.0, 437.1, 437.4, 437.5, and 437.6. For the later years, deaths due to stroke were identified using the following ICD-10 codes 10,11 : for SAH, I60.x and I69.0; for ICH, I61.x and I69.1; for ischemic stroke, I63.x, I64, I67.0, I67.2, I67.5, I67.6, I67.7, I69.3, and G08; and for ill-defined cerebrovascular disease, I64, I69.4, and I69.8. Subtypes of ischemic stroke were ascertained from the following ICD-9/ICD-10 codes in the earlier and later time periods, respectively: venous sinus thrombosis (325, 437.6/G08, I67.6), infarction related to precerebral vessels (433/I63.0, I63.1, I63.2), infarction related to cerebral vessels (434/I63.3-I63.5), cerebral atherosclerosis/arteritis (437.0, 437.4/I67.2, I67.7), moyamoya (437.5/I67.5), cerebral infarction unspecified (I63.8, I63.9), dissection of cerebral arteries nonruptured (I67.0), sequelae of cerebral infarction (I69.3), and acute but ill-defined cerebrovascular disease (436/I64). There are prior data from a systematic review that ICD-9 codes 433, 434, and 436 have higher positive predictive values (85% or higher) for ischemic stroke 12 compared with other codes, and that ICD-10 codes I63 and I64 have similar accuracy. 10 Therefore we also calculated statistics for a more conservative estimate of ischemic stroke using these ICD-9 codes for the earlier years and using ICD-10 codes I63 and I64 for the later years. All analyses were done using both definitions of ischemic stroke.
Prior studies evaluating stroke in young adults have had variable age ranges, with minimum ages between 15 and 20 years and maximum age cutoff between 44 and 49 years. We chose to include all adults aged 20-45 years. Based on the ethnicity classification of the NCHS, 13 individuals were classified into 1 of 4 groups: black, white, American Indian or Alaska Native, or Asian or Pacific Islander. For the years prior to 1999, the NCHS mortality database grouped the latter 2 categories together as "other," so for comparability, we also grouped these categories for 1999 to 2009. Persons of Hispanic origin were considered to be "of any race" by this classification system; therefore, white Hispanics were classified as white and black Hispanics were classified as black. For the years prior to 1999, the database did not differentiate ethnicity, but Hispanic vs non-Hispanic ethnicity was included after 2009. We did a comparison of Hispanic and non-Hispanic ethnicity for 1999-2009, for which we have data. All population comparison information in the NCHS database is based on mid-year population estimates.
Death rates were calculated as the number of deaths per 100,000 people in a population. Age-, race-, and sex-specific population data were obtained from the US Census Bureau. 14, 15 Person-years were defined as the total number of persons in a category multiplied by the number of years of study. Race-specific rates were age-and sex-adjusted.
Poisson regression was used to calculate time trend data and to compare trends between groups. In comparing trends between groups, interaction terms between stroke subtypes and year, race and year, ethnicity and year, sex and year, and age and year were included in the respective regression models. Year was treated as a discrete variable in all statistical analysis. For comparison, time trends for stroke mortality in older adults ($45 years) were also analyzed using the same NCHS mortality database. Mortality rate ratios were calculated to determine differences between rates in different groups (averaged over entire time period). We used Stata (version 11.0, StataCorp, College Station, TX) for statistical calculations and graphical representation as well as Microsoft (Redmond, WA) Excel (version 14.2.1) for graphical representation.
Standard protocol approvals, registrations, and patient consents. This study did not meet requirements for human subjects research and therefore did not need approval by the institutional review board. RESULTS About 2.2 billion person-years ages 20-44 years and 2.7 billion person-years ages $45 years were included in the study over the 21-year period (table 1). Whites accounted for 81% of the population in the young adults, and sex was evenly distributed. There were no significant differences in race or sex between the young adult and older adult populations (p . 0.99 for both). There were 59,077 deaths attributed to stroke in young adults in the United States from 1989 through 2009, yielding an average of 2,868 deaths per year. Ischemic strokes accounted for 25% of deaths, while hemorrhagic stroke accounted for 75% (table 2) . The total number of deaths from stroke in adults $45 years was about 2.5 million, with 19% related to hemorrhagic stroke, 4% related to SAH, and 81% related to ischemic stroke. Average annual mortality rates among young adults were 0.93 person-years and SAH dropped 50% from 1.4 to 0.7 per 100,000 person-years when comparing the rates at the beginning of the study to those at the end of the study (figure 1). The time trends for mortality from both types of hemorrhagic stroke were found to be significant (p , 0.001 for both). The rate of ischemic stroke (using the conservative definition), however, increased by 11% from 0.60 to 0.67 per 100,000 person-years. This trend, however, was not significant (p 5 0.338). When using the less conservative definition of ischemic stroke, the increase over the 21-year period was 36%. Given the more conservative findings using the conservative definition, all further results are reported using the conservative definition of ischemic stroke. When compared to adults aged 45 years and older, young adults had lower rates of all stroke subtypes. There were declines in the overall rates of ICH and SAH in both young and older adults, but the decline was more dramatic in young adults in both types of hemorrhagic stroke (figure 2). The time trends for the decline in mortality rates of ICH and SAH were significantly different when comparing age groups (p , 0.001 for ICH, p 5 0.003 for SAH). The most striking difference was in ischemic stroke, where there was an 11% increase in the rate among young adults, but a 53% decline in adults $45 years. The time trend for ischemic stroke mortality was also significantly different (p , 0.001).
Among young adults, men were at higher risk than women of mortality from stroke overall, ischemic stroke, and ICH, but were at lower risk of death from SAH (table 3) . Blacks had higher rates of mortality from all stroke subtypes, and from overall stroke. Person-time mortality rates for all stroke subtypes were highest in the 35-44 years age group, with rates of 12.4/100,000 person-years for ischemic stroke, 17.5 for ICH, 19.3 for SAH, and 49.9 for all stroke.
The decline in mortality from all stroke subtypes among young adults was more dramatic in blacks than in whites ( figure 3) . The time trend differences between blacks and whites were significant in all 3 subtypes (p , 0.001 for trend). The ratio of mortality in blacks to whites related to ischemic stroke dropped from 4.3/100,000 persons in 1989 to 2.4 in 2009, for ICH from 4.9 to 2.7, and for SAH from 2.4 to 1.6. From 1999 to 2009, there was no difference in the decline among Hispanics and non-Hispanics in ischemic stroke or ICH. The rate of SAH declined more slowly in Hispanics than in non-Hispanics, with a significant difference in trends (p 5 0.01), and the rates of SAH converged by the end of the study. There were no differences between the trend in decline of mortality rates between men and women from ischemic stroke (p 5 0.21) or SAH (p 5 0.90). Rates of ICH mortality dropped more quickly in men than in women over the study period, with a significant difference in trend (p 5 0.006). The rates of ICH mortality in 2009 among men (0.73/100,000 persons) and women (0.46/100,000 persons) were closer together, but did not converge.
DISCUSSION Age-adjusted trends in stroke occurrence and stroke mortality are well-documented in older adults and have been declining significantly for several decades, 16 but have been less well-studied in young adults. We found that rates of mortality for hemorrhagic stroke subtypes have been declining in young adults over the last 2 decades, but ischemic stroke has not changed significantly, with a trend toward an increase. Mortality related to ICH and SAH has declined more among young adults than older adults, but despite a steep decline in ischemic stroke mortality among older adults, there has been a trend toward increasing rates in young adults.
Figure 2
Percent decline in mortality rate from stroke subtypes in young adults and older adults
Green bar represents adults aged 20-44, gray bar represents adults aged 45 and older. ICH 5 intracerebral hemorrhage; SAH 5 subarachnoid hemorrhage. Much of the improvement in ischemic stroke mortality among older adults is likely related to improved control of atherosclerotic risk factors, such as hypertension, hyperlipidemia, and smoking. 16, 17 Traditionally, these risk factors have not been believed to play a major role in the etiology of stroke in the young, but there is increasing evidence that these risk factors are becoming more prevalent in this age group. 2, 18, 19 The dramatic decline in the SAH mortality rate, in particular, is likely linked to a decline in smoking, which has dropped 51% between 1945 and 2009. 20 The lack of a decline in ischemic stroke mortality among young adults could be, in part, related to the increasing prevalence of risk factors, but less aggressive treatment for prevention in this group compared with older adults. This lack of a decline in ischemic stroke mortality among young adults is consistent with the recent evidence that rates of hospitalization for ischemic stroke have been increasing over the last 2 decades. 2 We found that among young adults, mortality from all stroke subtypes was higher among African Americans compared with whites, as is true in older adults 21 and in children. 22 However, we also found that declines in stroke mortality were greater over the 21- year study period in blacks, leading to a decreasing disparity. This narrowing of the differences may be related to the increased awareness of racial disparities in stroke, which has occurred in this same time period. Some recent evidence suggests that the incidence of hospitalization for ischemic stroke is increasing in this age group, 2, 4 and that this trend was most apparent among blacks. Our findings suggest that despite the apparent increasing racial disparities in ischemic stroke incidence, the disparity is decreasing in mortality from ischemic stroke. The explanation for this difference is not clear, but could be related to the increasing awareness of stroke among blacks, and improved aggressive acute treatment.
Our findings that young men have higher rates of mortality related to ischemic stroke and ICH but women have higher SAH-related mortality parallel those seen in prior studies of overall adult stroke mortality. 23 The finding that young adults in the 35-44 years age group are at the highest risk of mortality from all 3 stroke subtypes is also not surprising, and likely reflects the higher incidence of all stroke subtypes in older age groups.
Our study has several limitations. Criteria for death certificate diagnoses are not clearly defined, and diagnoses may vary depending on diagnostic workup, physician, and administrator coding. In prior studies, however, discharge ICD-9 codes for stroke, which we used, were found to be 98% sensitive for stroke in adults. 7 ICD-10 codes have been found to be similarly accurate in coding stroke among adults. 10 Death certificate data have also been found to have high specificity and positive predictive value. 24 The NCHS data are limited by including only the primary diagnosis code from the death certificate, so we were unable to evaluate etiology of the strokes in this study. We did find a large percentage of patients with diagnostic codes that were nonspecific for stroke subtype. This limits our ability to evaluate the true mortality rates for each of the stroke subtypes. Despite its limitations, this study provides important information about the trends in stroke mortality among young adults. Similar to trends in older adults, stroke mortality overall and among all of the subtypes is decreasing over time. Hemorrhagic stroke mortality trends are similar among young and older adults, although the difference in trends in ischemic stroke mortality is striking, and interesting especially in the face of recent data suggesting increasing incidence of ischemic stroke in this age group. Narrowing of the racial gap in stroke mortality suggests that increasing awareness of disparities may lead to better treatment, but further research needs to be done to improve our understanding of these trends.
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